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INTRODUCTION 


•Intense efforts are going on to realize HTS based offshore located 
wind generators-array, supplying free unlimited power without 
burning any fuel, making it environmentally friendly. 

•As more and more longer lengths of HTS tapes are made available, 
it will drive the offshore wind industry with its green credentials to 
have an excellent business case to venture into creating large wind 
farms based on HTS wind turbine generators. 



Fig A - Generator that uses HTS tapes Fig B - 2G HTS TAPE 










INTRODUCTION 


• HTS based generator is lighter 
compared to its copper counterpart as 
it does not require iron poles in view 
of the fact that the high fields (more 
than 2T) anyway saturates the iron 
thereby making it as air core. 

•In addition, it is easy to obtain 
permission on offshore compared to 
getting permission to use vast land 
onshore. 

•Further, the wind conditions are 
more favourable on offshore 
compared to onshore, to realize more 
MW per year for each installed MW 
unit offshore. 
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ADVANTAGES 


The tower size and complexity of a wind turbine can 
be reduced by using lightweight/compact HTS 

machines. 

Due to the use of lightweight components, it 
becomes easy to build and transport large 
machines(>10MW) with complete assembly to the 
installation site. 

The use of gearbox can be eliminated by enabling 
direct coupling to the wind turbine 

The efficiency will be more when compared to 
conventional machines. 

HTS machines can produce more torque when 
compared to conventional machines. 



CHALLENGES 


• Cooling the HTS rotor field coils to 50K along with its vacuum 
insulation under rotation, with the shaft coupled to wind 
turbine, using suitable cryo-refrigerators of lkW rating at 50K. 

• Cost of long length HTS tape-production to be reduced 
drastically (few $/kA-m) to compete with copper conductors 
with necessary superconducting/mechanical properties. 

• Reduction of AC losses and increase of current densities at 
higher fields (>2T) of long length HTS tapes. Suitable power 
electronics with energy storage elements such as SMES to be 
developed onshore to couple the fluctuating power output of 
offshore HTS based wind turbine generator to the national 
power grid demanding continuous, controlled quality power 
with constant voltage/frequency. 

• Strong floating platforms made by advanced composite 
materials, arranged in 2-D array on sea to support the wind 
turbines along with HTS generators and control circuits. 
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IMPORTANT POINTS ABOUT 
OFFSHORE WIND TURBINE 

The typical output voltage of a wind turbine is 
about 690 volts, AC. 

Offshore wind farms use undersea cables to transmit 
electricity to the grid. 

A slender tower stretches 100m above the waves. 

At wind speeds 36-54 kph (10-15 m/s), maximum 
power can be generated. 

Innovative floating offshore wind platforms are under 
development for use in deep water. Three kinds of 
floating platforms are spar-buoy, tension leg platform, 
and semi-submersible. 

Offshore winds are typically stronger during the day, 
allowing for a more stable and efficient production of 
energy when consumer demand is at its peak. 



CRYOGENIC COOLING SYSTEM 


• One of the critical components of HTS devices is the 
cryogenic refrigeration system. 

• Cryogenic systems used for HTS power applications 
are still relatively new and reliability is a concern 
because of the limited operating experience, 
especially in energy technology. 

• Gifford-McMahon(G-M) cryocooler is the most 
popular type for cooling HTS field coils (50K, lkW ). 

• Main advantage of G-M type is the isolation of 
compressor from regenerator/displacer, which allows 
a modified air-conditioning compressor to be used. 
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• SUPRAPOWER aims to provide an important breakthrough in offshore 
wind industrial solutions by designing an innovative, lightweight, robust 
and reliable 10 MW class offshore wind turbine based on a 
superconducting generator. 

• This superconducting generator will be based on MgB2 wire to comply 
with the cost and reliability demanded by industry. 

• MgB2 wire has already been used in coils for MRI commercial systems. 
Now, SUPRAPOWER will use it for wind-turbine generators. 
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Emerging market projection for offshore wind energy converters 
























CRYOSTAT TOPOLOGIES 

• Two possible designs of cryostat system the generator topology are shown below. 
In the former design, both the stator iron-core and SC coils work at the cryogenic 
environment, while the latter one only makes the SC coils in the cryogenic 
environment. 

• The former scheme has simple structure compared with the latter one. However, 
the not small stator iron losses would result in higher cooling power and longer 
cool down time [13], while in the latter scheme, one cryostat contains one SC coil, 
therefore, although lots of cryostat are needed, but the total cooling power rating 
greatly decreases since the stator core is not located in the cryostat. As a result, 
the latter structure is selected for this FSCSG topology. 



Fig a - Both stator iron-core and sc coils 
in the cryogenic environment 


Fig b - Only sc coils in the 
cryogenic environment 
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4 MVA HTS Generator compared lo conventional generator 


Data 

Output: 4 MVA 

Voltage: 6,6 kV 

Sp*«J: j&OQrpm 

Fume sue: SOD mm 
Etfidtfvcy: W,7% 
HTS wire: 6 km 
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Fig A: Siemens 4 MVA HTS generator Fig B: Size and weight comparison to 

conventional generator 

•The efficiency of the HTS generator was shown to be almost 2% highest (at 
98.7%) than a conventional generator of the same rating. 




Pony 

Motor SuperVAR™ 


Cryocooler 
Cryocoolers Compressors 


American Superconductor (AMSC) has 
demonstrated an 8 MVA SuperVAR for TVA 
transmission system. The HTS SuperVAR 
has proven to be an economic option for 
providing reactive compensation to a 
power system and is the first commercial 
application of HTS technology. 
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CONCLUSION 


• Compared to conventional generators of similar power rating, 
HTS enables very compact generator units integrated with 
offshore wind turbines, with much reduced mass. 

• Wind turbine generators that use permanent magnets, 
often neodymium-iron-boron, makes them heavy . 
Further, they require substantial quantities of rare earth 
metals which are expensive. 

• Wind turbine generators could be made from High Tc 

superconducting field coils, located in annular cryo-stats 
offer significant savings in size and weig ht. 

• Suitable cyro-refrigerators/long HTS tapes should be 
made available at competitive price to make these 
offshore superconducting turbo generators commercially 
viable. 
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